Purpose: We identified the effect of sedentary behavior on stress, anxiety, and depression among Korean university students.
INTRODUCTION

Effect of university students' sedentary behavior on stress, anxiety, and depression
Various changes occur during university as one transitions from the intense competition of entrance exams to increased opportunities for drinking, smoking, and job search stress. In the context of the life cycle, this is a period when one's lifestyle is relatively flexible compared to that of adulthood, and it is likely to undergo corrective change. 1 Therefore, university is an important stage for developing healthy habits.
However, physical activity is lacking for many Korean university students, which does not increase after high school and is half the level of their American counterparts. 2 University students who are not majoring in physical education rarely engage in physical activity in their subject area. 3 Moreover, with the growing use of smartphones, playing computer games, and watching TV, the time spent sitting down is steadily increasing compared to the time spent engaging in physical activities. 3 Convenience has increased due to technological developments; however, reduced physical activity comes with a higher morbidity of various diseases. According to the World Health Organization, 4 
more
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited. than 60% of the world's population does not even engage in moderate physical activity (i.e., 30 min per day). The need for physical activity and the effect of physical activity on physical and mental health have long been confirmed; however, the recent increase in sedentary behaviors due to jobs, computer games, smartphones, and television warrants attention from a health management perspective. 5 Sedentary behaviors refer to those involving decreased energy expenditures during waking hours and includes both sitting and lying down. 6 Only a limited number of studies have measured university students' sitting time, with no such studies available in Korea. Specifically, American university students spend 4.2 h per day sitting down on average. 7 In addition, most studies have focused on adults; in a study that monitored the sitting time of adults in 20 countries, the daily average was 5.8 h, 8 and adults in the United States, 9 Canada, 10 and the United Kingdom 11 spent 9-11 h per day sitting down, comprising 55-70% of their waking hours.
Maintaining a lifestyle that revolves around sitting down can lead to health risks in adulthood. Recent studies show that individuals with increased sedentary behavior have higher risks of obesity, type 2 diabetes, bone density loss, cardiovascular disorders, and endometrial cancer compared to those who sit less. 5,12-14 165 Although several studies have addressed sedentary behavior, physical activity, and physical health problems, few studies have examined sedentary behavior and mental health. 4, 5 Among such studies, a study from Australia found that sedentary behavior was not correlated with mental health-related quality of life. 15 Another Australian study reported significantly higher psychological distress among office workers who spent more than 6 h sitting down for work compared to those who did not. 16 Moreover, in a study conducted with university students in Spain, students who spent more than 42 h per week sitting down had a 31% higher risk of mental disorders compared to students who did not. 17 Importantly, suicide mortality in South Korea ranks first among the Organization for Economic Cooperation and Development (OECD) countries since 2003 (28.7 per 100,000 people). 18 Among deceased individuals aged 20-29 years, 45.5% are lost due to suicide. 19 Moreover, university students' stress, anxiety, and depression were found to have a direct impact on their suicide rate. 20 It is important to maintain and habituate a healthy lifestyle during university and to continue such healthy habits in adulthood. Therefore, it is necessary to determine how long university students' sedentary behavior lasts and how it affects their mental health. Consequently, we examined the effect of university students' sedentary behavior on their stress, anxiety, and depression per their demographic characteristics.
METHODS
Sampling and data collection
Participants comprised students from two universities in South Korea.
Data were collected from April 3 to 14, 2017. The researcher explained the study's objectives and questionnaire items to students enrolled in chapel class; then, the questionnaires were submitted in a collection box. Chapel classes were chosen because they comprised all liberal arts classes, regardless of participant major. The survey took approximately 10-15 min to complete. Questionnaires were distributed to 300 participants and 282 were collected; however, 244 were used for final analysis after excluding 38 that were incomplete.
Instruments
Sedentary behavior
Sedentary behavior refers to activities that do not increase energy expenditure substantially above the resting level (1.0∼1.5 METs) and includes activities such as sleeping, sitting, lying down, watching TV, and other forms of screen-based entertainment. 12 In this study, we measured sitting time per university students' life characteristics.
Daily average sedentary behavior was investigated for weekdays and weekends separately. Times for each were calculated as weighted averages of 5/7 for weekdays and 2/7 for weekends.
Stress
The Korean version of the Perceived Stress Scale (PSS), which was developed by Cohen et al. 21 was employed in this study. Park and Seo 20 verified its validity and reliability with Korean university students.
The PSS is a self-report scale that was categorized into two factors: 
Anxiety
Anxiety was measured with the Beck Anxiety Inventory (BAI), a selfreport scale that was developed by Beck et al. 22 and standardized into Korean by Kwon. 23 The BAI is one of the most used and easy to understand. The questionnaire consists of 21 items including cognitive, emotional, and physical dimensions of anxiety. Each item was measured via a 4-point Likert scale that ranged from "strongly disagree (0)" to "strongly agree (3) ." The total score ranged 0-63 points. The Cronbach's in this study was 0.93.
Depression
Depression was measured using the Center for Epidemiological
Studies-Depression Scale (CES-D). The CES-D is a self-report scale that
was developed by Radloff 24 to study depression dynamics in a group of normal people. It is a 20-item measure that asks participants to rate how often over the past week they experienced symptoms asso- Cronbach's for this study was 0.93.
Ethical considerations
The study was approved by the university's Institutional Review Board (no. 1044396-201703-HR-051-01). Ethical issues including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double publication and/or submission, and redundancy were monitored by the author.
Data analysis
Collected data were analyzed using IBM SPSS 20.0 statistical software. A frequency analysis was conducted for participants' demographic characteristics. To confirm the applicability of the control variable, an independent samples t-test and a one-way analysis of variance (ANOVA) were conducted when comparing differences in stress, anxiety, and depression per demographic characteristics. A simple logistic regression analysis was conducted to examine the effect of sedentary behavior on stress, anxiety, and depression. 
RESULTS
Levels of sedentary behavior, stress, anxiety, and depression
Levels of sedentary behavior, stress, anxiety, and depression are shown in Table 1 .
Differences in stress, anxiety, and depression per demographic characteristics
Differences in stress levels according to demographic characteristics were examined to study the relationship between control variables and dependent variables ( Table 2) . Results showed statistically significant differences for sex, underlying disease (physical diseases such as atopic dermatitis, rhinitis, and asthma), and self-management for health. For sex, women were more stressed than men were. Those with an underlying disease were more stressed than those without.
Self-management for health was shown to lower stress. An examination of the differences in anxiety according to demographic characteristics revealed significant differences for sex and self-management for health. Women had higher anxiety than men did. Self-management for health was shown to lower anxiety. Examining the differences in depression according to demographic characteristics revealed significant differences for sex, body mass index (BMI), underlying disease, and self-management for health. Women displayed more depression than men did. Obese participants showed higher depression than the others did. Participants with an underlying disease were more depressed than those who were not. Self-management for health was found to lower depression (Table 2 ).
Effect of sedentary behavior on stress, anxiety, and depression
A simple logistic regression model was conducted to examine the effect of sedentary behavior on stress, anxiety, and depression (Table 3) .
Model 1 was a simple model using sedentary behavior as the independent variable and stress, anxiety, and depression as dependent variables. Model 2 used sex, perceived economic status, BMI, underlying disease, and self-management for health as control variables. Sedentary behavior during weekdays and weekends were found to have a significant effect on stress, anxiety, and depression in all models.
DISCUSSION AND CONCLUSION
This study was conducted to determine the degree and relationship between sedentary behavior, stress, anxiety, and depression in Korean university students. First, Korean university students in this study spent nearly double the time sitting than U.S. students in a past study did, 7 and more than the daily average (5.8 h) reported among adults in 20 countries. 8 A clinical and public health guideline for sedentary behavior is not yet established; however, some studies show the negative effects of long sitting hours, such as a 18-45% mortality rate, compared to those with shorter sitting times. 26 Problematically, Korean university students experience a reduction in physical activity in adolescence compared to adolescents in different countries due to factors such as entrance exam preparation, and the prior level of physical activity is not recovered when they reach university. 27 Furthermore, many Korean university students face problems such as obesity, anemia, and gastrointestinal diseases, which require active health management including physical activity. 28 Second, compared to other studies using the same tool, the stress level of Korean university students was higher than the levels among American university students (1.75-1.97) 29, 30 and Mexican university students (1.52). 31 Anxiety levels were also higher than those found among Spanish university students, which were measured in another study using the same tools. 32 In addition, depression levels were higher than those found among university students from China and Hong Kong. 33 Stress, anxiety, and depression are major mental health problems experienced not only by Korean students but also by university students around the world. 34 These inhibit students' academic performance, social relationships, and adjustment to university life. In addition, the added pressure from university life has a latent impact on their employment. 35 Moreover, university students' stress, anxiety, and depression were also found to have a direct impact on their suicide rates. 37, 38 However, even university students around the world have difficulties asking for help from the people around them or seeking specialists' advices regarding mental health problems. 38 Therefore, universities and families need to pay special attention to the mental health of students, and local communities and on-campus counsellors should promptly and actively intervene to ensure that vulnerable students can effectively overcome and cope with stress and emotional crises.
Third, this study showed that increased sedentary behavior elevated stress, anxiety, and depression despite controlling for sex, perceived economic status, BMI, disease, and self-management for health. Research on the correlation between university students' sedentary behavior and mental health is limited; however, a 6-year cohort study on university graduates in Spain revealed that participants who were seated for over 42 h per week were 1.3 times more likely to experience mental disorders such as stress, anxiety, and depression compared to participants who sat 10.5 h per week. 17 On the other hand, one study showed that while sedentary behavior was significantly related with anxiety and depression, no significant correlation was found with stress. 39 In addition, another study reported no correlation between sedentary behavior and mental health, 15 contradicting the results of this study. Additionally, participants with more than 6 h of seated working were found to have a significantly higher level of psychological distress compared to those who had less. 40 Another study found that stress, anxiety, and depression were significantly higher in participants who spent their leisure time sitting down. 15 Therefore, additional research needs to differentiate sedentary behavior into working sitting and nonworking sitting (e.g., leisure sitting, computer sitting, smartphone sitting, TV sitting, transporting sitting, etc.). Furthermore, researchers should examine the correlation between sedentary behavior and mental health in longitudinal studies. Lastly, while studies are promoting art-based, psychoeducational, cognitive, behavioral, and mindfulness-based techniques as intervention methods to reduce university students' stress and anxiety, 16 consideration for intervention methods that promote physical activity is also suggested.
TA B L E 2 Stress, anxiety, and depression per participants' demographic characteristics (N = 244)
Recommendations for future research
Based on this study, future research should address the following: first, a varied sampling range across different regions should be employed;
second, the effects related to type or purpose of sedentary behavior on mental health should be identified and the type of sedentary behavior could be classified into working sitting and nonworking sitting (e.g., leisure sitting, computer sitting, smartphone sitting, TV sitting, transporting sitting, etc.); third, the effect of personality and coping skills on sedentary behavior should be examined; and, lastly, since this study was cross-sectional, causality and direction of relationships could not be determined. Therefore, prospective cohort studies that address the effects of physical and mental health, workplace adaptability, and job satisfaction are also recommended.
Implications for nursing practice
Stress, anxiety, and depression are serious mental health problems among college student groups. The sedentary behavior of college students was found to be significantly related to their psychological problems in the present study. However, until now, research has rarely Universities are key settings for both education and health; therefore, they must create an environment where students can exhibit a healthy lifestyle. South Korean college students are, however, in a situation in which they are bound to engage in life patterns that involve much sedentary behavior due to competitive grade-getting, unemployment problems, and lack of leisure. Therefore, college mental health services should educate them about the signs and symptoms of mental problems and effective coping methods and operate campus intervention programs that reduce sedentary behavior, increase physical activity, and enhance students' mental health. Students with severe levels of stress, anxiety, and depression should especially receive counseling for their psychological problems and have easy access to mental health clinics through in-school counseling centers.
Psychiatric nurses can help students express their psychological difficulties and help them change their behaviors and lifestyles. In addition, the present study can help psychiatric nurses present evidence in developing psychotherapeutic intervention models and practical interventions.
Preventive strategies include implementing technological devices, more breaks in class and while studying, using sit-stand desks, and increasing campus walkability. Developing these interventions could promote a deeper understanding of psychosocial barriers and motivations behind why college students engage in prolonged sedentary behaviors. Additional longitudinal research related to the effects of these intervention programs should be implemented.
